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Tandem Concentrator Photovoltaic Array 
Applied to Space Station Freedom 
Evolutionary Power Requirements 
Edward M. Fisher Jr. 
Boeing Defense and Space Group 
Huntsville, Alabama 
Abstract 
Additional power is required to support Space Station Freedom 
evolution. Boeing Defense and Space Group, NASA Lewis Research 
Center and Entech Corporation have participated in the development 
of a High-Efficiency Tandem Concentrator Solar Array. Boeing's high 
efficiency Gallium Arsenide and Gallium Antimonide solar cells 
make up the solar array tandem cell stacks. Entech's Mini-Dome 
Fresnel lens concentrators focus solar energy onto the active area of 
the solar cells at fifty (50) times one sun solar energy flux. 
Development testing for a flight array, to be launched in November 
1992, is under way with support from NASA Lewis. The tandem 
cells, interconnect wiring, concentrator lenses and structure have 
been integrated into arrays and subjected to environmental testing. 
A tandem concentrator array can provide high mass and area specific 
power and can provide equal power with significantly less array 
area and weight than the baseline array design. Alternatively, for 
Station growth, an array of twice the baseline power can be 
designed which still has a smaller drag area than the baseline. 
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pr
ism
at
ic
 ce
ll 
co
v
er
s.
 
W
eig
ht
 ca
lc
ul
at
io
ns
 in
clu
de
d 
th
e m
as
t, 
bl
an
ke
ts 
o
r 
pa
ne
ls,
 h
in
ge
s o
r 
o
th
er
 lo
ck
in
g 
m
ec
ha
ni
sm
s, 
an
d 
w
ire
 
ha
rn
es
se
s. 
No
t i
nc
lu
de
d 
fo
r e
ith
er
 ar
ra
y 
ar
e 
de
pl
oy
m
en
t m
ec
ha
ni
sm
s o
r 
ac
tu
at
or
s. 
Ba
se
lin
e 
ar
ra
y 
pe
rfo
rm
an
ce
 n
u
m
be
rs 
an
d 
ar
ea
 a
nd
 w
eig
ht
 ca
lc
ul
at
io
ns
 ar
e 
ta
ke
n 
fro
m
 th
e W
P-
04
 P
re
lim
in
ar
y 
D
es
ig
n 
Re
vi
ew
 p
ac
ka
ge
. 
D
ou
bl
e t
he
 b
as
el
in
e w
in
g 
po
w
er
 
Pa
ne
l A
re
a r
eq
ui
re
d 
=
 25
8 
m
2 
W
in
g 
m
as
s 
=
 90
0 
kg
; 0
.4
 h
z 
m
in
im
um
 fr
eq
ue
nc
y 
A
dd
 4
 o
u
tb
oa
rd
 w
in
gs
 fo
r a
 1
50
 kw
 st
at
io
n 
Gi
ve
n 
th
e p
re
ce
ed
in
g d
ata
 w
e 
ca
n 
sp
ec
ul
at
e o
n 
w
ha
t t
yp
e o
f d
es
ign
 m
igh
t b
e r
eq
uir
ed
 fo
r t
he
 
ev
ol
ut
ion
ar
y S
pa
ce
 St
at
ion
. A
ssu
m
in
g t
ha
t t
he
 to
ta
l s
ta
tio
n 
po
we
r l
ev
el 
n
ee
ds
 to
 b
e d
ou
bl
ed
, th
en
 an
 
ar
ra
y 
w
hi
ch
 d
eli
ve
rs
 tw
ice
 th
e b
as
eli
ne
 po
we
r p
er
 w
in
g w
ou
ld
 be
 d
es
ire
d. 
Us
in
g o
ur
 2
 ye
ar
 p
ro
jec
ted
 
va
lu
es
, s
uc
h a
n 
ar
ra
y w
ou
ld
 h
av
e a
n 
ar
ea
 o
f 2
58
 sq
ua
re
 m
et
er
s a
nd
 a 
m
as
s 
of
 a
pp
ro
xim
at
ely
 90
0 k
g, 
as
su
m
in
g i
ts 
m
in
im
um
 st
ru
ctu
ra
l f
re
qu
en
cy
 w
ou
ld
 be
 0
.4
 hz
. F
ou
r s
uc
h 
w
in
gs
 ad
de
d o
ut
bo
ar
d o
f t
he
 
ba
se
lin
e a
rr
ay
 w
ou
ld
 in
cr
ea
se
 th
e p
ow
er
 a
va
ila
bl
e f
ro
m
 75
 to
 1
50
 kw
. 

A
t B
oe
in
g w
e 
ha
ve
 an
 o
n
-g
oi
ng
 IR
&
D 
pr
og
ra
m
 w
hi
ch
 a
im
s t
o 
de
ve
lo
p e
v
er
y 
as
pe
ct
 of
 
ta
nd
em
 co
n
ce
n
tr
at
or
 te
ch
no
lo
gy
. 
O
ne
 su
ch
 ar
ea
 a
re
 th
e m
ec
ha
ni
sm
s a
n
d 
tru
ss
 s
tr
uc
tu
re
s 
n
ee
de
d 
to
 de
pl
oy
 la
rg
e p
ho
to
vo
lta
ic 
ar
ra
ys
 in
 sp
ac
e. 
O
nc
e a
 de
sig
n 
co
n
ce
pt
 is
 id
en
tif
ied
, w
e 
u
se
 c
o
m
pu
te
r m
o
de
lin
g 
te
ch
ni
qu
es
 to
 si
m
ul
ate
 th
e s
ta
tic
 an
d 
dy
na
m
ic 
be
ha
vi
or
 of
 s
u
ch
 
de
pl
oy
ab
le 
tru
ss
es
 w
he
n 
w
eig
ht
les
s. 
W
e 
ar
e 
co
n
tin
ui
ng
 to
 o
pt
im
ize
d o
u
r 
m
o
du
le 
st
ru
ct
ur
al 
de
sig
n 
an
d 
ar
e 
tra
di
ng
 va
rio
us
 
m
at
er
ial
s a
ga
in
st 
alu
m
in
um
, n
o
ta
bl
e G
rE
p a
n
d 
m
et
al 
m
at
rix
 m
at
er
ial
s. 
W
e a
re
 a
lso
 
in
ve
sti
ga
tin
g 
th
ep
os
sib
ili
ty
 of
 a
u
to
m
at
in
g t
he
 st
ac
k 
as
se
m
bl
y 
an
d 
in
ter
co
nn
ec
tio
n t
as
ks
. 
As
 th
e d
es
ig
n 
st
ud
ies
 id
en
tif
y c
rit
ic
al
 co
m
po
ne
nt
s o
r 
pr
oc
es
se
s n
ee
di
ng
 d
ev
elo
pm
en
t, w
e 
ar
e 
fa
br
ica
tin
g p
ro
to
ty
pe
s a
n
d 
su
bje
cti
ng
 the
m
 to
 pe
rfo
rm
an
ce
 an
d e
n
v
iro
nm
en
tal
 te
st
in
g 
in 
o
u
r 
te
st
 c
ha
m
be
rs 
in 
K
en
t, 
W
as
hi
ng
to
n.
 T
hi
s w
or
k 
is 
st
ar
tin
g n
ow
 a
n
d 
w
ill
 be
 in
cr
ea
sin
g i
n 
in
ten
sit
y 
th
ro
ug
h 
th
e r
em
ain
de
r o
f t
hi
s y
ea
r a
nd
 n
ex
t. 
As
 a
 r
es
u
lt 
o
f t
he
se
 ef
fo
rts
 w
e 
pl
an
 to
 be
 re
ad
y 
to
 su
pp
or
t a
 la
rg
e-
sc
ale
 gr
ou
nd
 d
em
on
str
ati
on
, 
pr
es
en
tly
 e
n
v
isi
on
ed
 as
 a
 p
ar
tia
l a
rr
ay
 w
ith
 fu
ll-
siz
e c
o
m
po
ne
nt
s, 
in 
lat
e 
19
92
. 

Bo
ein
g 
ha
s d
ev
elo
pe
d t
an
de
m
 so
la
r c
el
ls 
w
ith
 co
n
v
er
sio
n e
ffi
ci
en
ci
es
 ex
ce
ed
in
g 3
0%
 
w
he
n 
te
st
ed
 w
ith
 st
an
da
rd
 m
et
ho
ds
 at
 1
00
 su
n
s 
an
d 
ai
r m
as
s 
ze
ro
. 
W
he
n 
co
m
bi
ne
d 
w
ith
 
th
e m
in
i-d
om
e f
re
sn
el 
len
s d
es
ig
n 
u
n
de
rd
ev
elo
pm
en
t a
t N
A
SA
 an
d 
En
te
ch
 p
ho
to
vo
lta
ic 
ar
ra
ys
 
w
ith
 si
gn
ifi
ca
nt
 pe
rfo
rm
an
ce
 ga
in
s c
o
m
pa
re
d 
to
 th
e p
re
se
nt
 st
at
e 
of
 th
e a
rt 
ca
n
 b
e e
x
pe
ct
ed
. 
In
 th
e p
as
t y
ea
r B
oe
in
g h
as
 d
ev
elo
pe
d a
n
d s
pa
ce
 qu
ali
fie
d 
12
-c
el
l m
o
du
les
 u
sin
g 
le
ns
es
 fr
om
 E
nt
ec
h 
an
d 
th
e B
oe
in
g t
an
de
m
 ce
lls
 by
 c
o
m
bi
ni
ng
 th
em
 in
 li
gh
tw
eig
ht
 al
um
in
um
 st
ru
ct
ur
es
 a
n
d a
ss
em
bl
ed
 
th
e s
ys
tem
 us
in
g 
in
-h
ou
se
 m
icr
o-
ele
ctr
on
ic 
pr
oc
es
se
s. 
Su
ch
 a 
m
o
du
le 
w
ill
 b
e f
lig
ht
 te
st
ed
 o
n 
th
e 
AP
EX
 m
iss
io
n 
an
d 
w
ill
 el
ev
at
e t
an
de
m
 co
n
ce
n
tra
to
r d
es
ig
n 
to
 N
AS
A 
te
ch
no
lo
gy
 re
ad
in
es
s l
ev
el 
se
v
en
, 
w
hi
ch
 is
 "S
ys
tem
 V
ali
da
tio
n M
od
el 
Te
ste
d 
In
 S
pa
ce
." 
Bo
ein
g 
als
o 
ha
s u
n
de
rw
ay
 a
 pr
og
ra
m
 to
 d
ev
elo
p t
an
de
m
 co
n
ce
n
tr
at
or
 te
hc
no
lo
gy
 fu
rth
er
 in
 ev
er
y 
as
pe
ct
 fr
om
 th
e i
nd
iv
id
ua
l c
el
ls 
to
 la
rg
e a
rr
ay
 de
sig
ns
 su
ita
bl
e f
or
 S
pa
ce
 S
tat
io
n F
re
ed
om
 ev
o
lu
tio
na
ry
 
re
qu
ire
m
en
ts.
 
